Positional effects of phosphorylation on the stability and morphology of tau-related amyloid fibrils.
Hyperphosphorylated forms of tau protein are the main component of paired helical filaments (PHFs) of neurofibrillary tangles in the brain of Alzheimer's disease patients. To understand the effect of phosphorylation on the fibrillation of tau, we utilized tau-derived phosphorylated peptides. The V(306)QIVYK(311) sequence (PHF6) in the microtubule-binding domain is known to play a key role in the fibrillation of tau, and the short peptide corresponding to the PHF6 sequence forms amyloid-type fibrils similar to those generated by full-length tau. We focused on the amino acid residue located at the N-terminus of the PHF6 sequence, serine or lysine in the native isoform of tau, and synthesized the PHF6 derivative peptides with serine or lysine at the N-terminus of PHF6. Peptides phosphorylated at serine and/or tyrosine were synthesized to mimic the possible phosphorylation at these positions. The critical concentrations of the fibrillation of peptides were determined to quantitatively assess fibril stability. The peptide with the net charge of near zero tended to form stable fibrils. Interestingly, the peptide phosphorylated at the N-terminal serine residue exhibited remarkably low fibrillation propensity as compared to the peptide possessing the same net charge. Transmission electron microscopy measurements of the fibrils visualized the paired helical or straight fibers and segregated masses of the fibers or heterogeneous rodlike fibers depending on the phosphorylation status. Further analyses of the fibrils by the X-ray fiber diffraction method and Fourier transform infrared spectroscopic measurements indicated that all the peptides shared a common cross-β structure. In addition, the phosphoserine-containing peptides showed the characteristics of β-sandwiches that could interact with both faces of the β-sheet. On the basis of these observations, possible protofilament models with four β-sheets were constructed to consider the positional effects of the serine and/or tyrosine phosphorylations. The electrostatic intersheet interaction between phosphate groups and the amino group of lysine enhanced the lateral association between β-sheets to compensate for the excess charge. In addition to the previously postulated net charge of the peptide, the position of the charged residue plays a critical role in the amyloid fibrillation of tau.